Abstract: Over the years, researchers have developed many laboratory methods for conditioning and evaluating the moisture damage of asphalt mixtures. Most of the tests do not fully simulate field conditions and the evaluation criterion does not always predict the long-term susceptibility to moisture damage. This paper aims to present a comprehensive conditioning and evaluation method that simulates field conditions to assess the durability of bituminous layers against moisture damage. The equipment consists of a system applying a cyclic load on samples in which water can be forced through. The assessment procedure is based on the Indirect Tensile Strength (ITS) test after the conditioning method, from which the concept of the Damage Rate (D r ) as an indicator for classifying the durability of mixtures against moisture damage, was developed. The method would allow asphalt practitioners to evaluate the mixture for susceptibility to moisture on a routine basis.
Tester (MIST) has been developed as an attempt to provide faster and field-like conditions of moisture damage, however, the mechanisms of moisture damage are not well verified in the conditioning process; also, the damage mechanism after conditioning is not based on reliable criterion (Rowe et al. 2015) . Also, the Saturation Aging Tensile Stiffness (SATS) test was developed in the UK as an asphalt durability test; it utilizes combined ageing/moisture damage conditioning procedure prior to mechanical testing. Although the SATS is able to replicate moisture damage stiffness reduction in the field it still has concerns such as the applicability to different asphalt mixtures (Grenfell et al. 2012 ). In addition, no cyclic stresses based on vehiclepavement interaction, extended period of time, and a fundamental evaluation of the mixtures after the conditioning process is still lacking (Rowe et al. 2015) .
D r a f t 5
Although the previously stated six mechanisms of moisture damage are usually connected with the effect of moisture to some extent, basically, the displacement and detachment do not require moisture to occur. Typically, the mechanisms associated with moisture damage are not fully addressed and happen over a drawn out stretch of time in the field. Based on Majidzadeh and Brovold (1996) , the pore pressure from traffic loads can cause failures to the binder-to-aggregate bond. The initial water is in cyclic motion and significant pore pressure generates under traffic loading. It was stated that hydraulic scouring, as a consequence of repeated generation of pore pressure, is thought to be the essential cause of moisture-induced damage in asphalt pavements (Mallick et al. 2003) . The good laboratory-based conditioning system ought to quicken the infiltration of moisture through asphalt coating to induce damage; thus differentiate mixtures that can resist moisture damage from those known to be susceptible (Kanitpong 2004; Birgisson et al. 2005; Zaniewski 2006 ).
Research Objective
This study aims to develop a quick performance-related procedure to evaluate the durability of asphalt mixtures against moisture damage. Several efforts have been spent so far to engender a procedure that would accurately determine the susceptibility of an asphalt mixture to moisture influence. None are widely accepted due to the complication of the process, unusual equipment, lack of consistent results or lack of connectivity with field conditions. In addition, the T-283 test routinely utilized for moisture damage testing has several drawbacks. Above all, it is time consuming, which is not conducive for production quality control and assurance testing. The mixture components change due to production variability, and the current methods do not predict moisture susceptibility of the mixture on a timely basis. Additionally, the application of different D r a f t 6 water saturation levels can result in wide variability in TSR results. Moreover, the T-283 does not replicate the combined effects of the contributing mechanisms that associate with moistureinduced damage. Finally, a TSR value of a specific mixture does not indicate any evidence that the moisture susceptibility of the tested mixture will satisfactorily match the desired criterion in the long-term.
The proposed procedure was developed based on the fact that the effect of water only on asphalt specimens does not fully simulate realistic conditions and, therefore, is not the best for evaluating moisture damage. In fact, considering the effect of traffic loading is essential. The effect of environmental conditions (temperature, moisture), along with traffic loading is, therefore, given as the laboratory simulation of the in-service conditions. In this paper, the damage rate of a mixture strength has been used as an alternative to distinguish the durability of asphalt mixtures against the susceptibility to moisture influence. The proposed procedure was adopted to evaluate and rank mixtures prepared with five different aggregates.
Proposed methodology and testing procedure
The proposed conditioning system consists of a temperature-controlled water bath (see Figure 1) where a maximum of three Marshall size samples are to be submerged. To generate repeated pore pressure, a rigid steel plate applies a sinusoidal cyclic loading to the samples by a Universal
Testing Machine (UTM). A perforated rubberized sheet is placed on the concrete samples while conditioning to avoid crushing the aggregates and simulate vehicle tire-asphalt layer contact. The selected cyclic pressure corresponds to the range of expected water pressure in field conditions combined with a relatively high temperature (e.g. 
Conditioning Temperature
The conditioning temperatures utilized for the traditional conditioning systems are generally arbitrary and do not have a consistent correlation with real pavement conditions. For example, in the T-283 test the conditioning temperature, 60 o C, is fixed for all pavement environments. In a study conducted by Terrel and Al-Swailmi (1994) for the determination of water sensitivity of asphalt mixtures, the selected temperatures were: 60, 25 and -18 o C. It can be found in the literature that there is no theoretical basis to correlate the field conditions with the desired conditioning in the laboratory. Furthermore, the commonly used freeze-thaw system of conditioning could be defined as a short-term conditioning because it considers environmental effects within one year.
Concept of Damage Rate (D r )
To quantitatively assess the moisture damage of an asphalt mixture, the subsisting evaluation methods generally use one criterion as an indicator for pavement designers (for instance the TSR). Not taking into account how the pavement actually performs after a long time of moisture conditioning, the moisture susceptibility of mixtures may still satisfactorily match the criterion.
The water damage of asphalt layers can be due to the loss of cohesion and/or loss of adhesion and aggregate degradation (Figure 3) . However, the loss of cohesion and adhesion are D r a f t 9 paramount to the process of stripping. A reduction in cohesion and/or adhesion of asphalt binder results in a reduction in the overall strength or stiffness of the mixture. • Inducement of pore pressure within the air voids of the compacted asphalt specimen due to the combined effect of cyclic loading and temperature.
• Pore pressure could exceed the adhesive and/or cohesive strength within the binderaggregate system, therefore increasing the air voids in the conditioned specimen.
• The conditioning procedure does not cause astringent damage to the compacted specimen, and the specimen is still useable for testing after conditioning.
These assumptions are based on the fact that the distribution of air voids in an asphalt concrete sample provides the means by which moisture can enter the mixture (Khosla and Harikrishnan 2007). While conditioning, the air void content of a compacted asphalt sample experiences diverse stages. The asphalt mixture is designed for a target air void content by adjusting the aggregate size, gradation, and the asphalt binder content; and along these lines, a range of porosity would bring about the dry designed mixture. The compacted sample would be viewed as almost impermeable in the event that it has significant air voids that are not interconnected. At D r a f t 10 the point when the air void content increments pass a critical value, the air voids would be bigger and interconnected; this permits water to infiltrate through the layer. In the range between impermeable and open or draining blends, is where most asphalt pavement layers are compacted.
The air voids tend to range from small to large, with a range of porosity relying upon their interconnection (Terrel and Al-Swailmi 1994) . Once moisture exists in voids of an asphalt mixture, it interacts with the asphalt-aggregate interface. Conceptually, as the damage related to moisture increases, the air voids increment. Therferore, there is a solid relationship between conditioning time and change in air voids. Consequently, the proportion of air voids can be considered as a pointer to assess the moisture damage of the compacted mixtures. 
Equations (2) and (3) yield:
Experimental Program
The experimental testing program is divided into three stages: specimen fabrication, conditioning, and evaluation. The whole check of the proposed strategy in this made use of The average air voids ratio for each set (unconditioned and after 30 or 60 min conditioning) was calculated by means of approximate standard test methods using computed bulk specific gravity (ASTM D2726 2011) and maximum theoretical gravity (ASTM D2041 2011) for each mixture.
Practically, the TSR is used as a criterion to distinguish the susceptibility to moisture damage for different asphalt mixtures. Therefore, the moisture sensitivity of all the studied mixtures was From the believe that the air void content variation due to moisture damage can influence the behavior and performance of asphalt mixtures (Terrel and Al-Swailmi 1994) , its effects were also studied herein. from another study (Diab et al. 2014) . The method was therefore proven able to distinguish between the durability of the studied mixtures. For instance, it can be seen that, according to the proposed method, the dolomite mixture is more durable than the gravel prepared mixture. 
